Snowblowers injure approximately 5000 people a year and can cause devastating hand injuries. Even with added safety measures and warnings on modern snowblowers, hand injuries are still occurring at an alarming rate. We have reviewed our series of snowblower-related hand injuries to elucidate the epidemiology, patterns of injury, and strategies for prevention.
T here are 2 major types of snowblowers. One-stage snowblowers use a single rotating blade that both breaks up and projects the snow away from the machine. The majority of snowblowers now sold in the United States and Canada are 2-stage machines. The first stage consists of a slowly rotating, spiral or corkscrew shaped blade at the front of the machine, which moves snow backwards. The second stage is a faster rotating impeller blade that throws snow out of the exit chute.
Current safety measures found on snowblowers include a "dead man" switch located along the handlebar, which requires the operator to be gripping the handlebar with both hands in order for the blades to rotate. 1 As soon as the dead man switch is released, power is not delivered to the blades. However, there is often a few seconds of delay between release of the dead man switch and the complete halting of the blades. Furthermore, if the blades are clogged with snow when the dead man is released, there is remaining rotational energy stored in the blades. The blades may then rotate a short distance after any obstruction has been cleared. Therefore, even with a dead man switch, there is still significant opportunity for injury. As a result, all snowblowers come with a standard safety warning. Operators are cautioned never to place a hand inside the exit chute or any other opening. Instead, operators are instructed to use a broom handle, stick, or other object to clear the obstruction.
In the early 1980s, the Consumer Product Safety Commission (CPSC) reported approximately 3000 snowblower injuries per year in the United States. 2 In 2004, this number increased to approximately 5000 emergency department visits per year and greater than 1000 amputations. 3 More recently, the CPSC released a hazard screening report on yard and garden equipment in May of 2003. This report estimated that snowblower injuries cost the United States approximately $400 million per year. Furthermore, the report stated that, "snow throwers were associated with high costs relative to the number of products in use." 4 Snowblower injuries generate greater healthcare costs per machine when compared with most other yard and garden equipment (with the exclusion of riding lawnmowers and chainsaws).
MATERIALS AND METHODS
A single patient who admitted to "at risk" drinking (ie, greater than 2 alcoholic drinks throughout the day) before operating the snowblower was excluded. The remaining 22 patients were included in the study and responded to a questionnaire at the first postoperative appointment. The questionnaire delved into educational background, operator experience, and the details of the accident (see Table 1 ). After accumulating 22 patients between 2002 and 2005, outpatient and inpatient medical records and radiographs were retrospectively reviewed to obtain a variety of relevant data.
RESULTS
All the patients were male ranging from 12 to 75 years of age with an average age of 41.86 years at the time of injury. The large majority of patients were relatively educated with 2 patients holding master's degrees, 5 patients with undergraduate degrees, 4 patients with technical degrees, 7 high school graduates, and only 4 patients with less than 12 years of education (3 of these patients were still in school at the time of injury). Operator experience ranged from 1 to 40 years with an average of 15.17 years of experience across all patients. Upon further questioning, it became apparent that significant experience may have led some operators to be more complacent about safety measures. Second, experienced operators typically used older machines, which employed fewer safety measures. Snowblower ages ranged from 1 to 50 years with an average of 19.39 years at the time of injury.
In addition to these operator and machine factors, weather patterns also seemed to contribute to injury. The average daily temperature during injuries ranged from 23 to 37°F (Ϫ5°C to 2.78°C) with an average temperature across all cases of 29.05°F (Ϫ1.51°C). The average amount of precipitation on the ground at the time of injury ranged from 8 mm to 23 cm (0.3-9 in) with an average depth across all cases of 8.60 cm (3.38 in). These averages suggest that warmer temperatures and wetter snow significantly increase the frequency of snowblower-related injuries to the hands because snowblower exit chutes are more likely to become clogged under these conditions.
At the time of injury, the majority of patients had only been using their machines for less than half of an hour. The duration of use at the time of injury ranged from 3 to 720 minutes with an average duration of 20.59 minutes excluding 3 outliers (one with a 3-hour duration of use, one with 4 hours of use, and the other with a 12-hour duration of use at the time of injury). Fatigue from a prolonged period of use did not therefore seem as a causative factor for unsafe use and subsequent injury in the majority of our patients. Patients may have felt more time pressure at the beginning of use when they still had the majority of the work ahead of them.
In addition to this relatively short duration of use, the majority of patients had also not progressed very far down their driveways at the time of injury. Fifty percent of patients (10 of 20) reported being less than one-quarter of the way down their driveways (from their houses) at the time of injury with an average driveway length of 38.77 m (120.60 ft). Operators did not simply place their hands into the exit chutes because the chute-clearing object stored in their garage or house was too far away for them to retrieve.
According to another theory of injury, patients may have placed a hand into the exit chute because they were not aware of the safety warnings. The opposite was actually true in our sample. The majority of patients were aware of safety warnings at the time of injury. Approximately 77.27% of patients (17 of 22) were aware of safety warnings. Out of those patients that were aware of safety warnings, 82.35% (14 of 17 aware patients) injured themselves with the machine running. The remaining 17.65% (3 of 17 patients) injured themselves with the machine off. In total, 81.82% of patients (18 of 22) injured themselves with the machine running and 18.18% of patients (4 of 22) injured themselves with the machine off.
A minority of patients had consumed less than 2 drinks (1 drink was defined as 12 ounces of beer, 5 ounces of wine, or 1.5 ounces of 80 proof liquor) before injury. Three patients reported having 1 drink and 1 patient reported having 2 drinks before injury.
In summary, the average patient was a relatively educated male approximately 41 years of age with almost 15 years of experience operating a snowblower that was over 21-year-old. The average temperature at the time of injury was approximately 29°F (Ϫ1.67°C) with almost 9cm (3.5 in) of precipitation on the ground. Patients used their snowblowers for approximately 21 minutes and moved less than onequarter of the way down their driveways before injury. At the time of injury, over 77% of patients were aware of safety warnings but still injured themselves primarily with the machine running. The majority of patients had not consumed any alcohol before injury and those that did consume alcohol typically only had 1 drink.
Eighteen of the patients were right-handed and 4 of the patients were left-handed. Approximately 72.22% of righthanded patients injured their right hand but only 50.00% of left-handed patients injured their left hands. Left-handed patients were therefore more prone to use their nondominant The middle finger (20 patients) followed by the index finger (12 patients) and then the ring finger (10 patients) were the most commonly injured fingers. Two patients injured their little fingers and 2 patients suffered a substantial injury to his thumb (see Figs. 1 and 2) . On average, each patient injured approximately 2.0 fingers. The distal phalanges were most commonly injured with a total of 29 fractures, 5 traumatic amputations, and 18 nailbed lacerations or avulsions. The middle phalanges were the next most commonly injured portion of the digits with 15 fractures and 4 traumatic amputations. The proximal phalanges were the least likely to be affected with 4 fractures and no amputations (see Fig. 3 ).
DISCUSSION
In 1977, Barry and Linton discussed snowblower injuries to the hand for the first time by comparing them to other hand injuries from rotating blades. 5 They found that the impeller blades of a snowblower have much less kinetic energy than the grass-cutting blades of a lawnmower (a mere 209 ft/lb of kinetic energy vs. 2100 ft/lb of kinetic energy). As a result, snowblower injuries produce "low-velocity missile wounds" consisting primarily of fractures and amputations. In contrast, lawnmower blades produce "high-velocity missile wounds" consisting of fractures and amputations and degloving and, potentially, vascular damage outside of the injury tract secondary to "liquid shock waves" (ie, rapid radial accelerations of tissue particles). Consistent with these findings, all of the injuries in our series presented as classic low-velocity missile wounds with the exception of a single devascularization injury of the thumb, which was more consistent with a high-velocity missile wound.
After Barry and Linton, multiple researchers 6 -10 have shown that operators most commonly injure themselves by contacting the impeller blades as they try to unclog the exit chute. Most operators also attempt to unclog the exit chute while their machines are still running. In 2002, Proano and Partridge 11 analyzed a cluster of 11 injuries during a single storm and found that 7 of the 11 patients injured themselves while unclogging a running machine. We found similar results with 14 of 18 patients injuring themselves while unclogging a running machine. The majority of these patients (14 of 18) were aware of safety warnings at the time of injury.
A minority of patients may also injure themselves after releasing the dead man switch but before the impeller blades have come to a complete stop. An even smaller minority of patients injure themselves after turning their machines off. Upon unclogging the exit chute and the impeller blades, the blades are free to release a small amount of stored rotational energy by rotating 1 or 2 extra turns potentially causing significant injury. 12 These findings clearly indicate that current instructions and warnings, which accompany snowblowers are insufficient. The snowblowers themselves offer very few effective safeguards to their operators. Snowblower designs should be revised such that it is impossible for operators to place a hand into the exit chute although the machine is still running. This could be accomplished by decreasing the lag time between release of the dead man switch and the complete stoppage of the blades. In addition, a mechanism should be installed that automatically locks the blades in place when the dead man is released such that, even when the blades are unclogged, they can not rotate until the machine is restarted. An externally mounted manual release could be installed on all exit chutes to allow the operator to unclog the chute without inserting anything into the chute. Even the simple addition of a clearing device attached to the machine and easily available may help. The seemingly senseless circumstances of snowblower injuries to the hand (ie, operators placing a hand into a running machine) has lead researchers to attempt to identify factors, which contribute to injury. Initially, Bowen et al 13 examined operator experience and practice. He found that operator inexperience contributed to injuries and he argued that even experienced operators were more likely to injure themselves during the first storm of the winter season because they were, "out of practice" (ie, they had not used their machines since the previous season).
In contrast to Bowen's findings, Millea et al 2 found that patients had a mean of 5.7 years of operator experience at the time of injury. In agreement with Millea, we also found that operator inexperience did not contribute to injury. Instead, significant operator experience (15.17 years on average) may have contributed to injury as these operators were more complacent with safety measures. In addition to boasting significant experience, the majority of patients were also relatively educated. Counter-intuitively, education, with an emphasis on technical education, also seemed to contribute to injury. Technically trained individuals may be more prone to injury because they maintain a false sense of understanding how their machines operate.
Many studies identify several common underlying misperceptions as major contributors to injury. For example, patients often incorrectly believe that there is a greater distance between the end of the exit chute and the impeller blade. A smaller number of patients incorrectly believe it is safe to place their hands inside of the exit chute because the auger blade is the only blade on the machine. 13, 14 Research outlines a relatively characteristic pattern of injuries associated with snowblower injuries to the hand. The majority of patients suffer multiple digital involvement with an average of 2.3 digits per patient or 2.4 digits per patient. 12, 14 Our patients injured 2.0 digits on average. The longest fingers on the hand are typically affected with the middle finger always being involved followed by the index and/or ring finger. Three previous studies 2, 12, 13 found the ring finger to be the second most frequently involved finger after the middle finger, whereas 3 other studies 5, 11, 14 found the index finger to be the second most frequently involved. Our results support the latter 3 studies.
Previous research has also outlined certain weather conditions, which produce wetter and heavier snow that is then more likely to clog snowblowers and lead to subsequent injury. In 1998, Millea et al 2 found that temperatures above 28°F (Ϫ2.22°C) lead to a greater risk of injury because of wet snow. Similarly, Dietzel et al found that the average temperature on the day of injury was 30.2°F (Ϫ1.0°C) and the average total snowfall was 4.27 in (10.85 cm). 14 We also arrived at similar numbers with an average daily temperature of 29.05°F (Ϫ1.51°C) and an average precipitation depth of 8.60 cm (3.38 in) . Higher temperatures and moderate snowfall are therefore associated with increased frequency of injury.
On the basis of these findings, a simple intervention can be implemented in areas with significant annual snowfall. When temperatures rise to approximately 29°F or higher and a minimum of 5 to 8 cm (2-3 inches) of snow have fallen, local radio and weather channels should make brief public safety announcements concerning proper snowblower use. This was suggested by Dietzel et al in 1997 and 1 hand surgeon reports personally making such an announcement after a large storm lead to multiple snowblower injuries. The following day, which brought almost identical weather conditions to the area, the surgeon reports that no new snowblower injuries presented to the ED. 14 Consumption of alcohol is certainly a well-known risk factor for injury when operating heavy/dangerous equipment such as a snowblower. In our series of patients, 4 patients consumed between 1 and 2 alcoholic beverages before operating their snowblowers. One patient with consumption of an "at risk" amount of alcohol was excluded from statistical analysis as an outlier. Although alcohol consumption may be a significant risk factor for injury, the data in this series on patients with at risk alcohol consumption is not strong enough to support alcohol use as a significant risk factor for injury.
CONCLUSIONS
Snowblower injuries to the hand represent a significant problem generating approximately 5000 ED visits per year in the United States alone. 3 Operator inexperience, low operator intelligence, and excessive alcohol consumption do not seem to contribute to injury. Instead, significant experience, older machines, short durations of use before injury, characteristic weather patterns, and underlying misperceptions about snowblower design and function typically set the stage for injury. Majority of patients are aware of safety warnings, but mistakenly believe that there is a greater distance between the opening of the exit chute and the impeller blades. Other patients believe that the auger blade is the only blade on the machine, or that turning the machine off will allow them to safely place their hand in the exit chute.
The primary mechanism of injury involves placing a hand into the exit chute when the machine is still running. The dominant hand is most commonly affected with an average of 2.0 injured digits. The longest fingers (the middle finger followed by the index and ring fingers) and the most distal phalanges (the distal phalanx followed by the middle and proximal phalanges) are most frequently affected.
Several types of interventions may help to prevent these injuries in the future. Fundamentally, operators must not be allowed to forget that it is never safe to place a hand inside the exit chute whether the machine is off or on. To aid in this effort, snowblowers should be redesigned so as to physically prevent operators from placing a hand inside the exit chute. In addition, the dead man switch can be improved by decreasing any lag time between release of the switch and complete stoppage of the blades. Furthermore, all machines should be equipped with a manual release that allows operators to clean the exit chute using an externally mounted lever so that nothing (hand, stick, or otherwise) needs to be placed inside the exit chute to unclog the machine.
In a slightly different approach, snowblower injuries to the hand may be reduced by making brief public service announcements as characteristic weather patterns emerge. Temperatures of 29°F (Ϫ1.67°C) or greater paired with the accumulation of 5 to 8 cm (2-3 in) of snow could serve as a potential threshold for making such an announcement. Further studies are needed in this area to determine the efficacy of this approach.
